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TABLE III 

DEGREE OP CRYSTALLINITY OF NATURAL RUBBER ON STRETCHING (FROM BOONSTRA) 

AHa = 15 3 cal /g. of unit. 
400% 

AEJAHa X (X-ray) 

0.12 0.15 3.46 
.095 .105 2.93 

Elongation: 

Sample S 
Sample T 

AE, 
cal./g. 

0.394 
.398 

300% 

AE/ AHa 

0.026 
.026 

X (X-ray) 

0.04 
.05 

AE, 
cal./g. 

1.845 
1.44 

AE, 
cal./g. 

500% 

AE/AHa 

0.23 
.19 

X (X-ray) 

0.30 
0.19-0.22 

mined by the X-ray method.3 1 Quanti tat ive agree
ment is obtained between AE/AH^ and the degree 
of crystallinity, which strongly suggests tha t the 
crystallization process is the cause of the large 
internal energy changes tha t are observed. This 
conclusion is based solely on a thermodynamic 
analysis of the experimental facts without recourse 
to any molecular interpretation as to the nature of 
the retractive force. A quanti tat ive molecular 
interpretation of the upsweep of the stress-strain 
curve which sets in a t about a = 3 naturally will 
have to take into account the phase change tha t 

is occurring. I t cannot be explained solely on the 
basis of the entropy change tha t occurs in de
forming a completely amorphous material.40 '41 
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The reaction of ethyUithium with anisole in benzene solutions was found to follow, at 30 and 40°, the rate law, dV/dt = 
k(V„ -V)Zb1Z(VnIi), where Vis the volume of ethane at time t, b and a are the initial concentrations of anisole and ethyl-
lithium, respectively. The presence of the (Vaa) term is interpreted. Dielectric constant measurements are correlated 
with the change in rate with anisole concentration. 

In the extensive investigations of the reaction of 
alkyl and aryl alkali compounds with such com
pounds as anisole, th ianaphthene and alkyl ben
zenes, hydrogen-alkali interchange has been inter
preted to involve coordination of the organometalhc 
reagent with the electronegative a tom or with the 
pi electrons in the aromatic nucleus. Bryce-Smith1 

has suggested t ha t the reactions are not nucleo-
philic, since the aromatic nucleus retains the elec
trons of the original carbon-hydrogen bond. He 
considered the reaction to involve a protophilic 
a t tack in which the alkali compound possibly func
tions as an ion-pair. Roberts and Curtin2 s tated 
t ha t the predominantly ortho orientation observed 
with the substi tuents F , OCH3 , CF 3 in the benzene 
ring is best accounted for by assuming t ha t the re
action involves an initial coordination of the metal
lic a tom of the metalat ing agent with an unshared 
electron-pair of the subst i tuent group followed by 
the removal of an o-hydrogen by the anion of the 
metalating agent. 

In this Laboratory a kinetic s tudy of the reaction 
of ethyUithium with anisole in benzene solutions 
has been made. The difficulty of preparing pure 
ethyUithium in peroxide-free ethers and the possi
bility of cleavage of the ether in concentrated solu
tions a t and above room temperatures discouraged 
a t tempts a t measurements in such media. The 
lithiation of th ianaphthene in benzene was dis
carded because of precipitation of the product and 

(1) D. Bryce-Smith, J. Chem. Soc, 1079 (1954). 
(2) J. D. Roberts and P. Y. Curtin, THIS JOURNAL, 73, 810 (1951). 

evidence of catalytic effect of the solid. The reac
tion of ethyUithium, prepared in benzene, with ben
zene solutions of anisole was finally chosen for 
study. Considerable care was taken in the prep
aration of the reagents to eliminate ambiguities 
resulting from contamination by peroxides, eth-
oxides and colloidal lithium. The reaction was fol
lowed by measuring the volume of ethane collected 
over mercury, a t constant pressure, as a function of 
time. The solubility of ethane in benzene-anisole 
mixtures necessitated using small volumes (5 milli
liters) of relatively concentrated solutions. Fur
ther, since the reaction was extremely slow in solu
tions less concentrated than 1 molar in anisole (even 
in 1.667 M anisole the ra te of evolution was 5 ml. 
per hour), and concentrated solutions of ethyUith
ium in benzene were not possible because of the 
limited solubility of ethyUithium in benzene, high 
concentrations of anisole were required. This 
presented the additional problem of "medium ef
fect" on the kinetics. An a t t empt to evaluate this 
effect was made in terms of dielectric constant 
measurements of some anisole-benzene solutions. 

Experimental 

Materials.—The anisole was an Eastman White Label 
product. It was dried with metallic sodium and then frac
tionally distilled through a Vigreux column. The refractive 
index at 25° was 1.5144 for the sodium D-line. It was 
stored over sodium and a stream of oxygen-free dry nitrogen 
passed through it to displace any dissolved oxygen. The 
benzene used as solvent was Reagent Grade "Baker Ana
lyzed"; it was fractionally crystallized, distilled and dried 



Feb. 5, 1955 RATE OF REACTION OF ETHYLLITHIUM AND ANISOLE 787 

with sodium. I ts physical properties were the same as those 
given for benzene by Timmermans.3 

The ethyllithium was prepared by treating metallic 
lithium sand with diethylmercury in a sealed reaction flask 
prepared as follows. A 150-ml. round-bottom flask was 
modified by drawing out the neck and sealing a six-inch 
test-tube to the bottom, and a three-inch piece of 10 mm. 
tubing to the shoulder. The flask was flame-dried and swept 
with nitrogen. The lithium sand, suspended in oxygen-free 
benzene, was then introduced and the neck of the flask 
sealed after freezing the benzene. The diethylmercury was 
introduced through the side-arm, the side-arm sealed off, and 
the flask allowed to stand for about three days. As the 
mercury was formed it amalgamated the smaller particles of 
lithium and the amalgam sank into the test-tube at the bot
tom of the flask. At the completion of the reaction, the 
flask was opened in a nitrogen-swept dry-box and the ethyl
lithium solution transferred to small glass ampoules with a 
calibrated 1-cc. syringe, introduced through the small-bore 
side-arm, which was broken off in the dry-box. The am
poules had previously been evacuated and filled with dry 
nitrogen. After they were filled, their contents were frozen 
and the necks sealed off in such a manner as to thin out the 
glass shoulders. The concentration of ethyllithium was 
determined by acid ti tration. The analyses agreed, within 
experimental error, with the volumetric measurement of the 
ethane evolved on hydrolysis. During every step of the 
preparation precautions were taken to exclude traces of 
moisture and oxygen. Those preparations which were not 
performed satisfactorily resulted in subsequent yellow colora
tions of the solutions in the ampoules, and in the extreme 
cases, in the precipitation of lithium ethoxide and lithium 
hydroxide. Only those ampoules which remained colorless 
and showed absence of a Tyndall cone were used in the ex
periments. The preparations showed no presence of mer
cury contaminants in tests with acidified H2S solutions. 

The nitrogen used to flush the reaction vessel was passed 
successively through an electrically heated column of copper, 
a silica-gel filled t rap, a column of drierite, and a column of 
phosphorus pentoxide. 

Apparatus.—The reaction chamber consisted of a 150-ml. 
erlenmeyer flask having a 24/40 standard taper fitting at
tached a t the neck and a 19/32 one attached to a side-arm, 
which entered the erlenmeyer flask at a point about 1U" 
from the bottom. The 24/40 taper was attached to a capil
lary tubing leading to the water-jacketed buret through a 
three-way stopcock. The stopcock allowed the isolation 
of the three components of the system: reaction chamber, 
gas buret and a U-tube small-bore manometer filled with 
benzene saturated with ethane. The reaction flask was 
thermostatted by a two-liter beaker containing water 
pumped from a large constant temperature bath. Constant 
pressure was maintained by lowering or raising a leveling 
bulb filled with mercury until the levels of the benzene in 
the two arms of the U-tube were equal. Stirring was pro
duced by a glass-enclosed bar magnet in the reaction flask, 
actuated by a Precision Scientific Mag-Mix motor-driven 
magnet. 

The dielectric constant measurements were made with a 
onventional heterodyne-beat apparatus. 

Results 
The rate of the reaction of anisole with ethyllith

ium was, under the conditions of high anisole con
centration as reported here, measurably rapid, the 
reaction usually reaching completion within 9-10 
hours. The product of the metallation was con
firmed by pouring the reaction mixture over a slurry 
of Dry Ice in ether. The ether solution was washed 
with 0.1 N NaOH and the aqueous layer separated. 
On neutralization of the aqueous layer and slow 
crystallization, transparent crystals of o-methoxy-
benzoic acid with a melting point of 102.0-102.2°, 
measured on a Hershberg melting point apparatus, 
were isolated. 

The initial ethyllithium concentration was evalu-
(3) J. Timmermans, "Physico-Chemical Constants of Pure Organic 

Compounds," Elsevier Publishing Co., Inc., New York, N. Y., 1950. 

ated in three ways: by titration, with standard 
acid, of the hydrolyzed reaction mixture at the com
pletion of a kinetic study; by breaking a duplicate 
ampoule in water and titrating the LiOH formed; 
and by measuring the volume of ethane released on 
hydrolysis of a separate sample. These methods 
agreed with one another to a precision of 0.8%. Since 
the hypodermic syringe used to fill the ampoules 
delivered 1.000 ± 0.007 ml. as determined by cali
bration with mercury, the precision was all that 
could be expected. 

The quantity (F» — V) was taken as a measure 
of unreacted ethyllithium, since the anisole in all 
experiments was in such great excess that it was 
essentially constant. Plots of 1/(Fa, — V) versus 
time were linear in all experiments, indicating that 
the reaction was second order in ethyllithium. It 
was found, however, that the half-lives of the reac
tions were directly proportional to the first power 
of the initial ethyllithium concentrations, a charac
teristic of zero-order reactions. Evaluation of the 
initial rates, by extrapolation of plots of log (d V/dt) 
versus log ( F . - V) revealed that over a twofold 
concentration range in initial ethyllithium the ini
tial rates were independent of the initial ethyllith
ium concentration. Thus the data indicated that 
the rate of reaction was second order with respect 
to ethyllithium and inversely proportional to the 
square of the initial ethyllithium concentration. A 
differential plot (Fig. 2) of rate versus the square of 
the concentration of ethyllithium confirmed these 
relations. The rate equation suggested by these 
data is 

- d Jq(F00 - V)IV„\ _ k \a{Va - V) (' L, . . 
6t a'} Va \ { ' 

where a is the initial concentration of ethyllithium, 
b is the initial concentration of anisole, and ( F 0 0 -
V)/V0= represents the fraction of ethyllithium unre
acted. This becomes, on simplification and inte
gration 

dV/dt = k 1 F " ~ v~>* b" (2) 
a Va, 

U(V. - V) = ~ + 1/Vx. (3) 

Plots of 1/(F00 — V) versus t showed linearity, as 
indicated in Fig. 3. From these plots, by extrapo
lation to zero time, more accurate values of F00 
could be obtained than from the experimental meas
urement after 10-12 hours, since equalization of 
pressure in the reaction chamber with atmospheric 
pressure on breaking the ampoule depended on 
opening the bleeding stopcock at the proper time. 
Too early or too late closing would lead to a con
stant error in the volume readings throughout the 
run and would give a spurious value for F00, al
though the difference (F» — F) would still be a 
true measure of unreacted ethyllithium. 

The range of concentration of ethyllithium sam
ples was limited by its solubility in benzene. There
fore, experiments in which ethyllithium was in ex
cess of anisole were much too slow to measure with 
any precision, in view of the ambient temperature 
of the bath and fluctuations in barometric pressure 
over long intervals of time. The apparent order 
of the reaction with respect to the anisole was de-
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termined in experiments 53 and 54, in which the 
ethyllithium concentration was held constant and 
the anisole concentration, although still in large 
excess, was doubled. From equation 3 the half-life 
is given by 

t'/t = a/kb" (4) 

The half-lives of reactions 53 and 54 were inversely 
proportional to the square of the initial concentra
tion of anisole. The over-all rate equation then 
becomes 

dV/dt = 
k(Va -V)W 

V co a 
(5) 

Table I gives a summary of the data for nine ex
periments involving samples of ethyllithium from 
five independent preparations. The Vw quantities 
were obtained from least squares analyses of the 

o.io 

o 
O 
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Fig. 3. 
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data fitted to equation 3, by evaluating the inter
cept of the regression line. The inverse of the in
tercept gave the value of Vm. The column marked 
Slope gives the slope of the lines obtained from 
equation 3 by least squares. The half-lives listed 
in the last column were obtained, first, from the 
time corresponding to the instant at which the left 
hand side of equation 3 has the value 2/ V„; and, 
second, from the experimental volume-time plot in 
which the volumes were corrected for the constant 
error incurred at the time of breaking the ampoule. 
The agreement of the values obtained by the two 
methods was within the limits of experimental er
ror. 

Discussion 
The puzzling dependence of the half-life of the 

reaction on the first power of the initial concen
tration of ethyllithium and the apparent zero-order 
initial rates was at first thought to be indicative of 
an inhibition of the reaction by one of the products.4 

It is difficult, however, to see how ethane could in
hibit the reaction chemically. The answer appears 
to lie in the fact that the rate of evolution of ethane 
at the beginning of the reaction depends on the dif
ference between the rate of its formation and the 
rate of its solution. The solubility of ethane in 
benzene-anisole solutions is fairly large. If one 
considers the reaction to be truly second-order in 
ethyllithium then one can write 

dx/dl = kt(a - x)s2>" 

(4) K. J. Laidler, "Chemical Kinetics," 
Inc., New York, N. Y., 1950, p. 17. 

(6) 

McGraw-Hill Book Co., 
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TABLE I 

Expt. 

30 
44 
45 
47 
49 
50 

53 
54 
56 

Prep. 

1 
2 
2 
3 
3 
4 

4 
5 
4 

o - EtLi 
(mole 1. - ') 

0.2368 
.4772 
.2386 
.2699 
.5630 
.2754 

.2908 

.2912 

.2908 

b = 
actsole 

(mole 1. "I) 

1.667 
6.136 
7.363 
7.363 
5.454 
7.363 

7.363 
3.682 
7.363 

Temp., 
0C. 

40.0 

30.0 

D 

2.64 
3.60 
3.85 
3.85 
3.44 
3.85 

3.85 
3.07 
3.85 

Va, 

22.24 
43.64 
20.89 
20.57 
61.44 
21.59 

26.98 
28.13 
27.37 

Slope, s 
X 10< 

2.462 
8.243 

49.096 
45.007 

4.079 
38.481 

10.365 
2.164 

10.44 

sVaa 

0.001295 
.017160 
.024072 
.024098 
.014109 
.022090 

.008128 

.001725 

.008308 

sVa>a/b 
X 10« 

7.785 
27.98 
33.28 
33.94 
25.69 
31.15 

Av. 

11.05 
4.86 

11.265 

6') = * 
X 10' 

4.67 
4.56 
4.52 
4.61 
4.71 
4.23 

/1A 
(min.) 

123 
27.8 

9.9 
11.1 
39.1 
11.5 

4.55 ± 0.11 

1.50 
1.32 
1.53 

36.2 
149 
35.3 

where a is the initial amount of ethyllithium, x the 
amount of ethane formed at time, t, and b the es
sentially constant concentration of anisole. Inte
gration gives 

al)nbnl 
1 + akibn 

The rate of formation, n, can then be written 
<z2i>n 

rt = Ha - x)>b" = kt 
(i +akmy 

(7) 

(8) 

The rate of solution of ethane will depend on the 
difference between the amount, 5, of ethane needed 
to saturate the solution and the amount x gener
ated at any time / 

r, = k.{S - * ) - * . [S - t + akibn() (9) 

The rate of escape of ethane will be the difference 
between these two 

" rt — r, 
= h 

a*bn _ , / „ _ a'ktbH \ 
' {aktbn + I)2 H 1 +ak,bnt) 

(10) 

At the time of saturation, /s, the rate of escape 
should be equal to the rate of formation 

= 0 

a'ktb't. 
S = = constant for a given soln. (11) 

akib"t, + 1 

at t = 0, the rate of escape may or may not be zero, 
but one can say that the rate of solution is m times 
the rate of formation, where m may be a fraction or 
a whole number 

k.S = mkta*b" 
ks = k,S/ma2b" (12) 

Substituting these values for 5 and kt in the equa
tion for the rate of escape at the time of saturation, 
one gets 

rt = ki(a - xW" 
= k,/ma*b»(a - x)*b*> [a'ktt,/(aktbnt. + I)] 
= (,k/a»b")(a - xYb^ (13) 

since the quantity in brackets is a constant, propor
tional to the volume of ethane needed to saturate 
the solution. 

It is seen from equation 13 that the rate at zero 
time (x = 0) will appear to be independent of the 
initial concentration of ethyllithium. Further, in
tegration of 13 and the evaluation of />/, will give 

for the latter an expression proportional to the 
first power of the initial ethyllithium concentration. 

This was fc und to be the case empirically. For 
any one experiment the rate was, as shown by the 
linearity of plots of l / ( V<*> — V) versus t, second order; 
but experiments involving different initial concen
trations of ethyllithium gave widely different slopes 
(see table). From equation 3 it can be seen that the 
slope should be equal to kbn/(Vaa) and hence the 
specific reaction rate constant should be given by 
sVaa/b", where s here is the slope. These values 
were constant within the precision of the measure
ments when n was set equal to 2, as can be seen 
in column 11 of the table. 

The order of the reaction with respect to anisole 
may be questioned, since anisole in all experiments 
had to be in great excess to produce a measurable 
rate. In experiments 53 and 54 the mole fraction 
of anisole was about 0.7 and 0.35, respectively. 
Consequently the change in rate in these two runs 
(ethyllithium concentration being the same) may 
be the result of an electrostatic solvent effect. In 
the reaction between two dipolar molecules the di
electric constant of the solvent becomes important, 
particularly if the products are quite different in 
polarity from the reactants. The dipole moment of 
ethyllithium must be near that of w-butyllithium for 
which n = 0.97 debye. The dipole moment of ani
sole is 1.25 debyes and that of o-lithium ani
sole has been estimated by vector addition to be 
about 1.8 debyes. These lithium compounds do not 
behave like ionic compounds in solvents of low di
electric constant. The dielectric constant of pure 
benzene is 2.26; that of anisole, about 4.25. 

To see whether the dielectric constant changed 
appreciably from one experimental run to another, 
measurements were made on some solutions of ani
sole and benzene with a conventional heterodyne-
beat apparatus. A plot of these dielectric con
stants versus mole fraction of anisole was linear and 
extrapolated to the recorded values for benzene and 
anisole at mole fractions equal to 0 and 1, respec
tively. Density measurements and refractive in
dices were taken at the same time. Volume calcula
tions from the density measurements showed that, 
within a precision of a few tenths of a per cent., the 
solutions were volume-ideal; and a plot of refrac
tive index versus mole fraction was essentially lin
ear. The values of the dielectric constants of the 
solutions, as read from the graph, are listed in Ta
ble I. In studies 53 and 54 the dielectric constant 
changed from 3.07 to 3.85 and (sV„a) changed by 
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a factor 4.7. Plots of (sV*a/b), the specific reac
tion rate constant one would expect if anisole enters 
into the rate equation to the first power, versus the 
dielectric constant D, and of (sVaa/b) versus mo
larity of anisole, were linear. Plots of (sV«,a) ver
sus D or versus molarity of anisole were definitely 
not linear, showing strong curvature. Furthermore, 
a plot of log (sV*a/b) versus (D - 1) /2D + 1 was 
roughly linear. These suggest that the reaction is 
probably first order in anisole and that the extra 

Introduction 
In connection with investigations which have 

had as their objective the extension of the Raschig 
synthesis to the preparation of N-substituted hy
drazines1 from the corresponding amines and 
chloramines it became necessary to have available 
for purposes of comparison a number of unsymmet
rically N,N-disubstituted hydrazines of the ali
phatic series. The two simplest members, N,N-di-
methylhydrazine and N,N-diethylhydrazine, were 
first prepared by E. Fischer2 from the correspond
ing nitrosamines by reduction with zinc and dilute 
acetic acid. Lithium aluminum hydride has been 
used more recently for the reduction of nitrosamines 
by Schueler and Hanna.3 Although we too have 
found the lithium aluminum hydride method to be 
useful it has been our experience that the prepara
tion of N,N-disubstituted hydrazines from the ni
trosamines can be accomplished more easily if so
dium is employed as the reducing agent either in 
alcoholic solution or in liquid ammonia in the pres
ence of solutes that are acids in ammonia. 

All three methods have been used in the present 
investigation to accomplish the preparation of a 
number of typical unsymmetrically disubstituted 
hydrazines. These are colorless liquids and possess 
a characteristic ammoniacal odor. All suffer au-
toxidation and deterioration on exposure to the at
mosphere. Difficulties were experienced in at
tempting to analyze the free bases, even though 
formation of the desired substances was verified 
by determination of the neutral equivalents.. For 
this reason all products were converted into appro
priate derivatives. 

The dimethyl and diethyl derivatives are very 
soluble in water; the di-w-propyl- and diisopropyl-

(1) L. F. Audrieth and L. H. Diamond, T H I S JOURNAL, 76, 4869 
(1954). 

(2) E. Fischer, Ann., 199, 281 (1879). 
(3) F. W. Schueler and C. Hauuu, THTS JOURNAJ., 73, 4890 (1951); 

74, 3898 11952), 

order of unity in the observed kinetics arises from 
an electrostatic solvent effect. 
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hydrazines are only somewhat water soluble 
whereas both of the dibutylhydrazines and di-ra-
amylhydrazine are practically insoluble in water. 
Prolonged heating on the steam-bath is necessary 
to effect reduction of Fehling solution. Ethereal 
solutions react to precipitate salts when treated 
with anhydrous acids. The hydrochlorides and 
the sulfates are extremely hygroscopic. The oxa
lates represent well defined compounds. Crystalline 
compounds could not be obtained with picric acid 
and styphnic acid. 

The hydrazines react with aldehydes and ketones, 
but most of the common carbonyl derivatives are 
liquids. Crystalline 1,1-disubstituted semicarba-
zides, R2NNHCONH2, are obtained with potassium 
cyanate in dilute aqueous acetic acid. No semi-
carbazide derivative of di-w-amylhydrazine could, 
however, be obtained. The methyl ester of chloro-
carbonic acid reacts readily with diethylhydrazine 
to form N-diethylaminourethan methyl ester hy
drochloride. 

Acknowledgment.—The present investigation 
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mental chemistry of the Raschig synthesis for the 
preparation of hydrazine, sponsored by the Office 
of Ordnance Research, Contract DA-11-022-ORD-
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Experimental 
The nitrosamines were prepared by reaction of the second

ary amine hydrochlorides with sodium nitrite. The prepa
ration of di-w-amylnitrosamine is typical of the method 
employed and is given in detail since this particular com
pound had not previously been described in the literature. 

The hydrazines were prepared by the reduction of the 
corresponding nitrosamines by use of three reducing sys
tems: lithium aluminum hydride (method A), sodium in 
alcohol (method B) and sodium in liquid ammonia in the 
presence of an acidic solute (method C). Examples are 
presented below and are designed to be illustrative of the 
methods used specifically for the synthesis of compound'; 
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Unsymmetrically disubstituted hydrazines, RRN-NH2 , can be prepared from the corresponding nitrosamines, RRN-XO, 
by use of the following reducing systems: (a) lithium aluminum hydride in ether, (bj sodium in alcohol and (c) sodium in 
liquid ammonia in the presence of substances which act as acids in ammonia. The following hydrazines have been pre
pared, where R R = (C2Hj)2, (K-C5Hr)2, (iso-C8H7)2, (B-C4Hs)2, (iso-CiH9)2, (»-C5Hi,)2, [-CH2(CHa)3CH2-] (N-aminopiperi-
dine), ( C H 3 ) ( C S H B ) and (-CH2CH2OCH2CH2-) (N-aminomorpholine). Various identifying derivatives have been-prepared 
such as the oxalate salt, 1,1-disubstituted semicarbazide, N-dialkylaminourethan, or the N,N-dialkylhydrazones. 


